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12:39PM L24.00006 Hybrid Quantum Point Contact-Superconductor Devices Using InSb
Nanowires , STEPHEN GILL, JOHN JEFFREY DAMASCO, University of Illinois at Urbana-Champaign, DIANA CAR, ERIK BAKKERS, Eindhoven
University of Technology, NADYA MASON, University of Illinois at Urbana-Champaign — Recent experiments using hybrid nanowire (NW)-superconductor
(SC) devices have provided evidence for Majorana quasiparticles in tunneling experiments [1,2]. However, these tunneling experiments are marked by a soft
superconducting gap, which likely originates from disorder at the NW-SC interface [3]. Hence, clean NW-SC interfaces are important for future Majorana
studies. By carefully processing the NW-SC interface, we have realized quantized conductance steps in quantum point contacts fabricated from InSb NWs and
superconducting contacts. We study the length dependence of ballistic behavior and the induced superconductivity in InSb NWs by quantum point contact
spectroscopy. Additionally, we discuss how the transport in InSb NW-SC quantum point contacts evolves in magnetic field.
References: 1. V. Mourik et al, Science 336, 1003 (2012). 2. A. Das et al, Nature Phys. 8, 887 (2012). 3. S. Takei et al, Phys. Rev. Lett. 110,
186803 (2013).
12:51PM L24.00007 Flat band of midgap rotating surface states in 3D Dirac and Weyl semimet-
als under circularly polarized radiation , JOSE GONZALEZ, RAFAEL A. MOLINA, Instituto de Estructura de la Materia (CSIC),
Madrid, Spain — We report the investigation of novel surface states which develop when 3D Dirac or Weyl semimetals are placed under circularly polarized
electromagnetic radiation. We find that a gap opens up from the hybridization between Floquet side bands, which leads to the appearance of midgap surface
states in the form of evanescent waves decaying from the surface exposed to the radiation. We observe a phenomenon reminiscent of Landau quantization
by which the midgap surface states get a large degeneracy proportional to the radiation flux traversing the surface of the semimetal. We show that all these
surface states carry angular current, leading to a modulation of their charge that rotates with the same frequency of the radiation, which should manifest in the
observation of a macroscopic chiral current in the irradiated surface.
1:03PM L24.00008 Quantum coherence of mesoscopic stadia and wires coupled to the
environment1 , YUANTAO XIE, J. J. HEREMANS, Virginia Tech, Physics Department , C. LE PRIOL, Ecole Polytechnique (France), Physics
Department , S. VIJEYARAGUNATHAN, T. D. MISHIMA, M. B. SANTOS, The University of Oklahoma, Homer L. Dodge Dept. of Physics and Astronomy
— Quantum phase coherence was measured in quasi-1D wires and in mesoscopic stadia connected to wide sample regions by wire-like necks, to investigate the
effects of environmental and interdevice coupling on decoherence as contrasted to intrinsic materials properties. Measurements of quantum phase coherence
lengths used weak-antilocalization on nanolithographic InGaAs/InAlAs structures at 390 mK. For quantum wires, experiments show that longer wire lengths
result in longer phase coherence lengths. The result is understood from the observation that longer wires average out decoherence introduced at the end sections
by environmental coupling. For stadia with quantum-wire-like necks, stadium-wire coupling dominates decoherence in the stadia, rather than environmental
coupling. Stadia with wider and shorter necks show longer phase coherence lengths. The result is understood from the observation that wider and shorter wires
are geometrically similar to stadia, implying a stronger wave function hybridization between stadia and connecting necks and thus weaker decoherence from
stadium-wire coupling. The work shows that geometry has to be taken into account in measured mesoscopic coherence.
1Supported by DOE DE-FG02-08ER46532 and NSF DMR-1207537.
1:15PM L24.00009 Spin-polarized conductance anomalies in one-dimensional channels , ALFREDO
SANCHEZ, JEAN-PIERRE LEBURTON, Univ of Illinois - Urbana — We explain the emergence of conductance anomalies (∼ 0.3G0 and ∼ 0.7G0, G0 = 2e2/h)
in one-dimensional channels by using an unrestricted Hartree-Fock approach with a three-dimensional Coulomb interaction. The latter predicts the onset of a
pair of degenerate spin-polarized configurations (or channels), with specific conductance above a concentration-dependent threshold. The 0.3G0 anomaly is
a consequence of the 1D nature of the carrier density of states at the conductance onset, which weakens with temperature. Meanwhile, the second anomaly
manifests itself as shoulders in the quantum conductance at the onset of concentration-dependent spin polarization, and becomes more pronounced as the
temperature increases above 0 K, in agreement with experimental results. Our model also explains the dependence of the anomalies on drain and gate biases,
longitudinal magnetic field, and channel length.
1:27PM L24.00010 An interacting adiabatic quantum motor , SILVIA VIOLA KUSMINSKIY, University Erlangen-
Nrnberg, ANTON BRUCH, FELIX VON OPPEN, Freie Universitt Berlin — We consider the effect of electron-electron interactions on the performance of an
adiabatic quantum motor based on a Thouless pump operating in reverse. We model such a device by electrons in a 1d wire coupled to a slowly moving periodic
potential associated with the classical mechanical degree of freedom of the motor. This periodic degree of freedom is set into motion by a bias voltage applied
to the 1d electron channel. We investigate the Thouless motor with interacting leads modeled as Luttinger liquids. We show that interactions enhance the
energy gap opened by the periodic potential and thus the robustness of the Thouless motor against variations in the chemical potential. We show that the motor
degree of freedom can be described as a mobile impurity in a Luttinger liquid obeying Langevin dynamics with renormalized coefficients due to interactions, for
which we give explicit expressions.
1:39PM L24.00011 The Quantum Pinch Effect in Semiconducting Quantum Wires , M.S. KUSHWAHA,
Rice University — We investigate a two-component, cylindrical, quasi-one-dimensional quantum plasma subjected to a radial confining harmonic potential and
an applied magnetic field in the symmetric gauge. It is demonstrated that such a system as can be realized in semiconducting quantum wires offers an excellent
medium for observing the quantum pinch effect at low temperatures. An exact analytical solution of the problem allows us to make significant observations:
surprisingly, in contrast to the classical pinch effect, the particle density as well as the current density display a determinable maximum before attaining a
minimum at the surface of the quantum wire. The effect will persist as long as the equilibrium pair density is sustained. Therefore, the technological promise
that emerges is the route to the precise electronic devices that will control the particle beams at the nanoscale1. 1. M.S. Kushwaha, Appl. Phys. Lett. 103,
173116 (2013).
1:51PM L24.00012 Control of Nanofilament Structure and Observations of Quantum Point
Contact Behavior in Ni/NiO Nanowire Junctions1 , SEAN OLIVER, George Mason University, JESSAMYN FAIRFIELD,
SUNGHUN LEE, ALLEN BELLEW, Trinity College Dublin, IRIS STONE, George Mason University, LAURA RUPPALT, Naval Research Laboratory, JOHN
BOLAND, Trinity College Dublin, PATRICK VORA, George Mason University — Resistive switching is ideal for use in non-volatile memory where information is
stored in a metallic or insulating state. Nanowire junctions formed at the intersection of two Ni/NiO core/shell nanowires have emerged as a leading candidate
structure where resistive switching occurs due to the formation and destruction of conducting filaments. However, significant knowledge gaps remain regarding
the conduction mechanisms as measurements are typically only performed at room temperature. Here, we combine temperature-dependent current-voltage
(IV) measurements from 15 - 300 K with magnetoresistance studies and achieve new insight into the nature of the conducting filaments. We identify a novel
semiconducting state that behaves as a quantum point contact and find evidence for a possible electric-field driven phase transition. The insulating state exhibits
unexpectedly complex IV characteristics that highlight the disordered nature of the ruptured filament while we find clear signs of anisotropic magnetoresistance
in the metallic state. Our results expose previously unobserved behaviors in nanowire resistive switching devices and pave the way for future applications where
both electrical and magnetic switching can be achieved in a single device.
1This work was supported by ONR grant N-00014-15-1-2357.
